Identifying the geographical origin of protected sea cucumbers (Apostichopus japonicus) in China using random amplified polymorphic DNA polymerase chain reaction (RAPD-PCR)
Introduction
Sea cucumbers, which belong to the phylum Echinodermata, class Holothuroidea, and family Stichopodidae, are marine invertebrates and have long been used for food and folk medicine in some communities of Asia. With regards to the nutritional value, sea cucumbers are rich in vitamin A, vitamin B (niacin), and minerals, especially, calcium, magnesium, iron and zinc; furthermore, they are pharmacologically efficient in antiangiogenic, anticancer, anticoagulant, anti-hypertension, antiangiogenic, antimicrobial, antioxidant, antithrombotic, and antitumor activities (1) . Various species of sea cucumbers have been found in Asian and other benthic areas and deep seas. Apostichopus japonicus (A. japonicus) is an important sea cucumber species found in the coastal ecosystems of China, Japan, and Korea. Dalian sea cucumber, Yantai sea cucumber, and Weihai sea cucumber, which belong to Apostichopus japonicus, are protected as Chinese geographical indication products. The nutritional value and medical properties of the Dalian sea cucumber are found to be highest (2) . Owing to its value and reputation, the mariculture of A. japonicus has been developed quickly to satisfy an increasing market demand. The problem related to misleading information on the origin of sea cucumbers has become increasingly serious and an efficient analysis method needs to be developed for identifying the true origin of A. japonicus. However, different ecology environments, including geographic location and climate, lead to different qualities of the product and genetic diversities; thus, the same species in different environments would possess their own special genetic characteristics. The knowledge about species diversity and phylogenetic relationships will help to understand the species evolution (3); therefore, the study on the genetic diversity of A. japonicus from different geographical areas is important.
Molecular techniques are used to study sea cucumber genetics, including allozymes, amplified fragment length polymorphisms (AFLP), mitochondrial DNA, single nucleotide polymorphisms (SNPs), microsatellites, and inter-simple sequence repeats (ISSRs) (4-9). These are powerful tools for distinguishing between different types of sea cucumbers, although the use of these molecular markers is time-consuming and complicated.
The RAPD method is developed to detect polymorphisms in genetic DNA and is based on polymerase chain reaction (PCR), a simple and an inexpensive technique. RAPD is characterized by low repeatability and transferability between laboratories. The RAPD-PCR method is reproducible and efficacious. Since it uses short synthetic oligonucleotides with random sequences, the amplification protocol differs from that of the standard PCR, in that only a single random oligonucleotide primer is used and no prior knowledge of the genome subjected to the analysis is required (10, 11) .
In this study, we sequenced 16S rDNA partial sequences and identified 26 sea cucumbers samples, examined the genetic diversity of A. japonicus through RAPD markers, and assessed the molecular divergence of A. japonicus from three areas in China: Dalian, Yantai, and Weihai; furthermore, the DNA bands of RAPD gels were sequenced and the obtained sequences were analyzed to study the genetic structure of A. japonicus from the three sea areas. The purpose of this study was to develop an efficient molecular-level analysis method for identifying the genotype of A. japonicus from different regions, hoping that it could be used as a rapid identity tool in different procedure of A. japonicus such as farming, processing, distribution, and marketing.
Materials and Methods
Sample collection and grouping Sea cucumbers were sampled from Dalian (DL; 9 individuals), Yantai (YT; 9 individuals), and Weihai (WH; 8 individuals) in China, desiccated, brought back to the laboratory, and stored at 4 o C (Table 1) . Reference sea cucumber data were obtained from GenBank (A. japonicus, AY852279.1 and The lenotaananas, FJ971387.1).
Total DNA extraction Dried sea cucumbers were soaked in normal saline for 4-5 h. DNA was purified from 30 mg of muscle tissue from the soaked sea cucumbers by following the E.Z.N.A. Mollusc DNA Kit protocol (Omega Bio-Tek) with some modifications. The tissue was placed in a mortar, poured into liquid nitrogen and rapidly ground with a pestle and the powder was placed in a clean 1.5 mL microcentrifuge tube. ML1 buffer (350 µL) and 25 µL proteinase K being added, the mixture was not vortexed and incubated at 60 o C until the entire sample was solubilized. Chloroform: isoamyl alcohol (24:1; 350 µL) was added to the lysate, which was then centrifuged at 10,000×g for 2 min at room temperature. The upper aqueous phase was transferred to a clean 1.5 mL microfuge tube. Next, 5 µL RNase A was added and incubated at room temperature for 10-30 min. The supernatant was collected and an equal volume of MBL buffer was added. Then, 0.5 equal volume of absolute ethanol was added and mixed well by vortexing. Further, 750 µL of the mixture was applied to a HiBind DNA column assembled in a 2 mL collection tube, with centrifugation at 10,000×g for 1 min. The flow-through liquid was discarded and the collection tube was re-used. The column was placed in a new 2 mL collection tube and washed by adding 500 µL HB buffer, which was centrifuged at 10,000×g for 30 s. The flowthrough was discarded. The column was placed in the same 2 mL collection tube and was washed by adding 700 µL DNA wash buffer diluted with absolute ethanol and centrifuged at 10,000×g for 1 min as described above. The flow-through liquid was discarded and the collection tube was re-used. The HB buffer and wash buffer steps were repeated. The liquid was discarded and the column was reinserted into the empty collection tube and was centrifuged at 15,000×g for 2 min. Finally, to elute the DNA, 50-100 µL elution buffer preheated to 60-70 ). PCR products were electrophoresed in 1.5% agarose gels. The 16S rDNA PCR products were sequenced at Shanghai Majorbio Bio-Pharm Technology. The same primers for 16S rDNA were used for PCR and DNA sequencing.
Blocks of agarose gels containing selected RAPD bands were excised and dissolved according to the method reported by Lacumin et al. (13) . Dissolved products were clone sequenced by Shanghai Majorbio Bio-pharm Technology Corporation (Shanghai, China).
Data analysis A consensus 16S-like DNA sequence of sea cucumbers was obtained using DNASTAR software. The 16S-like DNA sequences were analyzed by the BLAST algorithm (14) (http://www.ncbi.nlm. nih.gov/BLAST/) and were submitted to NCBI (http://www.blast. ncbi.nlm.nih.gov). Phylogenetic analysis of the 16S rRNA gene sequences was conducted using the neighbor-joining method with MEGA 5.0 software (15) .
The electrophoretic profiles of RAPD products were analyzed using the NTsys2.10t software to examine the genetic relationships among the individuals from the three regions. Genetic similarity coefficients were calculated and a dendrogram was constructed using the unweighted pair group method by means of arithmetic (UPGMA).
The sequences of agarose gels bands were trimmed and aligned using MEGA 5.0 software package (version 5.0, www.megasoftware. net). The neighbor-joining tree was formed using the MEGA 5.0 software on the basis of the sequences of agarose gel bands from RAPD.
Nucleotide sequence accession numbers The sequences from 16S-like DNA sequences were deposited in the GenBank database under accession numbers from KU183638 to KU183662 andKU195415, and the sequences accession numbers of five common genes were from KX697731 to KX697860.
Results and Discussion
16S rDNA partial sequence identification To identify sea cucumber species, a 16S rDNA partial sequence was amplified and analyzed. A 540 bp fragment was amplified using the primers 16Sar and 16Sbr in each sea cucumber. Consensus sequences were obtained using DNASTAR. The sequences were then compared with those of the related species in the GenBank and the sequence similarities were checked using BLAST. The similarity of the 16S rDNA sequences of the 26 sea cucumbers and A. japonicus was 99%. A phylogenetic analysis was performed to investigate the relations between the 16S rDNA partial sequences among the 26 sea cucumbers, A. japonicus, and T. ananas (Fig. 1) . The samples and related reference sea cucumbers were divided into two large clusters (Fig. 1) . In the neighbor-joining tree, group 1 comprised 26 samples and A. japonicus, whereas group 2 included only T. ananas. Therefore, all samples were identified as A. japonicus.
A. japonicus is a type of valuable seafood in Asia, particularly in China. Moreover, because of the differences in the gene, the quality and nutritive value of A. japonicus from different sea areas differ. A. japonicus from Dalian in China is better than that from other regions. study, the genetic differences of samples from Dalian, Yantai, and Weihai were investigated based on RAPD-PCR.
In this study, we used the 16S rDNA sequence to identify 26 sea cucumbers as A. japonicus. Kerry et al. (12) demonstrated the reliability of this method for sea cucumber identification. Obviously, the 26 samples were classified into two groups in the resulting phylogenetic tree (Fig. 1) , which indicated more than 99% similarity in 16S rDNA sequence when compared with the reference A. japonicus.
RAPD-PCR analysis
The RAPD-PCR technique is based on the amplification of a random DNA segment using a single primer with an arbitrary nucleotide sequence (11, 17) . RAPD polymorphisms result from the DNA sequence variation at primer binding sites and from the DNA length differences between the primer binding sites (18) . RAPD has been utilized recently for genetic similarity estimation. Similar to other molecular techniques, RAPD has been successful at identifying markers that distinguish many species, such as tilapia (19) and Wuchereriabancrofti (20) , although the inter-population variation detected can differ significantly. The method of RAPD has been successfully applied to the differentiation of Lactococcus lactis subsp. lactis and cremoris (21). Weihai is located in the Yellow Sea, Yantai is located at the boundary of the Bohai Sea and the Yellow Sea of China, and the growth conditions of Weihai sea cucumber and Yantai sea cucumber are considered to be similar. So, the two types of the sea cucumbers may have similar genetic characteristics. The high selectivity of RAPD-PCR enables the technique to discriminate between species. In this study, ten RAPD primers were screened. Since amplification with primer D20 gave clear and reproducible bands, it was chosen for RAPD assays. RAPD-PCR of 26 A. japonicus with primer D20 gave products ranging in size from 200 to 2,000 bp. The results were shown in a dendrogram generated with NTsys2.10t (Fig. 2) . The primer generated 4-12 products per sample, which revealed good diversity among the 26 samples.
There were two clusters in the RAPD-PCR dendrogram: cluster 1 contained 11 samples and cluster 2 contained 15. Cluster 1 consisted of one subcluster (formed from DL1, DL5, DL12, DL9, DL4, DL6, and DLl0) and four single branches (YT15, DL3, YT13, and DL8). All samples from Dalian were in cluster 1. The subcluster comprised seven samples from Dalian, which indicated the ability of RAPD-PCR to differentiate between regions; each branch comprised one sample; among the four branches, two samples were collected from Yantai and the other two from Dalian. Cluster 2 consisted of three subclusters and one branch. Subcluster 1 consisted of two groups; one consisted of three Yantai samples (YT16, YT17, and YT23) and the others were obtained from Yantai and Weihai. In the latter group, YT14, YT19, and WH25 were closely related to WH28, whereas YT22 and WH26 were closer to WH33. Subcluster 2 consisted of two samples from Weihai (WH24 and WH35). WH24 was on a branch by itself that was close to subclusters 1 and 2. Subcluster 3 comprised YT20 and WH27. Our results showed that RAPD-PCR was a powerful and useful technique for origin discrimination of A. japonicus. Cluster 1 comprised samples obtained from Dalian and two samples from Yantai, although one subcluster consisted solely of samples from Dalian; probably because the merchant who sold the samples made a mistake in identifying their origin. The remaining A. japonicus samples obtained from Yantai and Weihai were classified into the other cluster; it might be caused by the fact that Yantai and Weihai are relatively much closer in terms of their geographical location. This cluster could be subdivided into three much smaller clusters, which indicated that it was a complicated genetic structure. Specifically, subcluster 1 consisted of three samples (YT16, YT17, and YT23) from Yantai, and subcluster 2 comprised two samples from Weihai. These results indicated that the genotypes of the tested samples are related to their original regions. Until now, RAPD-PCR method was not adopted as an extensive approach for sea cucumber classification. In this study, an analytical method was developed on the basis of RAPD-PCR, and all the data indicated that it was a rapid and reliable method for region characterization of A. japonicus. In addition, the RAPD dendrogram showed that the genetic diversity of A. japonicus from the three areas was rich.
Furthermore, the neighbor-joining tree was constructed by sequences of 5 RAPD bands from all samples. 132 bands were excised from the RAPD agarose gel. We selected five bands' sequences as five common genes, which were included in all samples. The length of the sequences was 198-364 bp. The neighbor-joining tree based on the 5 genes sequences demonstrated the genetic relationship among the A. japonicus from different sea areas in the study in Fig. 3 . In this tree, the 26 samples were separated into 2 clusters and were designated A and B. Most samples of cluster A belonged to Yantai and Weihai, except DL4 and DL6; whereas, the samples of cluster B were merely sampled from Dalian, with the exception of YT17 and WH28. Cluster A was further divided into 2 subclusters. Subcluster 1 consisted of 6 samples from Weihai, and 1 sample from Yantai and Dalian, respectively. Cluster B2 predominantly comprised 6 samples from Yantai as well as 1 sample from Weihai and 1 sample from Dalian. Specifically, YT19 belongs to a single sample, which is far away from the other samples in Cluster A in terms of distance, whereas YT17 is closer to the samples from Dalian than to those from Yantai in Cluster B. According to the neigborjoining tree, we found the genetic relationship among the samples from the three sea areas. Except individual samples, most samples from the identical areas were clustered in the same branch. Therefore, we found that the genetic relationship of A. japonicus from the adjacent area is closer; meanwhile, the samples from Yantai and Weihai are closer than those from Dalian, which is in line with the results of RAPD. However, few samples were clustered in accordance with the geographical location as it was likely that the samples were bought from different shops and were mixed. The evolution of the gene content and its chromosomal organization is stimulated by the selective conditions in different environments. The plasticity in the genetic repertoire is essential for adaptation to specific environmental habitat; therefore, the evolution reflects niche-specific adaptation (22) so that the genes of A. japonicus from different sea areas have been included into their identification marks.
16S rDNA sequence analysis is proved as an efficient and accurate method for identifying different species of sea cucumbers. Using RAPD-PCR, we find that the samples from Weihai and Yantai are more closely related than those from Dalian, probably because of the geographic proximity of Weihai and Yantai. Here, RAPD-PCR approach is a promising tool for analyzing genetic characterization and also possesses a desired capacity for identifying the geographical origin of A. japonicus. All the experimental results suggest that such genetic diversity analysis using RAPD-PCR will be a useful strategy in identifying the true geographical origin of A. japonicus in China.
